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FISH SPERM CRYOPRESERVATION IN TAIWAN: 
TECHNOLOGY ADVANCEMENT AND 
EXTENSION EFFORTS 
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N.-H. Chao (1991) Fish sperm cryopreservation in Taiwan: 
Technology advancement and extension efforts. Bull. Inst. Zool., 
Academia Sinica, Monograph 16: 263-283. 1t has been 20 years since 
the first study in Taiwan on cryopreservation of fish sperm of the 
grey mullet, Mugil cephalus. Several achievements have been made 
on the fish sperm cryopreservation, including technologies such as 
obtaining raw milt (stripping of spawners, getting sperm suspension 
from the sliced testis of recently killed spawners, or from inserting 
the microcapillary into the genital pore of scarce milt species), 
evaluating extender formulae (Ott and Horton extender 164, glucose, 
honey, cell culture medium), cryopreservative agents (glycerol, 
methanol or dimethylsulfoxide), freezing tools (isopropanol with 
dry ice, liquid nitrogen or vapor in Styrofoam box, programmable 
freezer or cooling system), thawing methods (water bath, warm 
thawing solution or microwave oven), the motility determination 
(microscopic reading or motility analyzer) and the fertility evalua- 
tion (timing, volume ratio and growth monitoring). These techno- 
logies are all efficient, convenient and economical, reflecting various 
stages of the development and studies in Taiwan. As a testimony 
to the quality of these technologies, researchers from Taiwan have 
collaborated with colleagues from the U.S.A. France, South Africa 
and Japan and published a series of papers on the sperm cryopreser- 
vation of the mullet, carp, catfish and grouper. Furthermore, these 
technologies have been disseminated and transferred through local 
training courses. Demonstration and assistance in. facility have 
also been set up to the private sectors. 


Key words: Sperm, Cryopreservation, Technology advancement, 
Extension, Taiwan. 


The development of reproductive long term research in cryopreserva- 
physiology in general and cryobio- tion of fish gametes. An interesting 


logy in particular has directed a area of cryobiology related researches 


263 


Nai-Hsien Chao 


264 


'UBMIB | UI SUOP Woaq sey YIOM O Zz 
UMOYS 912 S][NS9II poos UJIM səjdwes ÁJUO “TI 


CG O O O SIP1OWUJOS SNAIIGOLI WA 
O O O O SISUIUIYI snujoyidoo og 
hu O O O SNIVPNDIY]INIUD SAUANBSIN 
O O O O O « snaiuodol XDAQDIOS]OT 
E O O O 51/9019/0 SNSSO/3099/4 
O O O O O O UTUDAO SNUDEIS 
y O O O C) SOUDYI SOUDY) 
O O O e O O. 2129192 VID] L 
0:06 v'e6 O O ES y O O O (erder pou) “ds `p 
¿"98 di O Q. O ge O Or ~ © SNOAND `O KSNIHOJIU “O 
; O oO O O O SNIHOJU ‘O 
O O O: O O O SNILQUIDSSOUL `O 
Cy. O O O O SNIAND SIMOLYIOIAO 
6`T6 9'78 
6°16 E`EG 
999 0°S8 
9739 G E6 
8'£6 L`S6 9 O O O O O O O SnnADQDJDU snjoyqourga 
Ss v8 VT l 
0°86 0°66 
€° 69° PLI 
0°96 S`I6 O O O a a, O 8 O O 11989498 SNASDÍOYJUDIY 
v"8€ 6 8D . 
v Lv 68€ À . 
986 6'79 e O O O° O O O ¿O Sn]DYFa9 pann 
Be E m m3 Bò 25 a seg a + oS -sotdads 
Pe ee E S3 BR BS 8 gög% 85 SAGS 
a Hh re la za D, +9 3 a org 
O BS m D < y 5 DA ao ree. 
= Q a. 0 BOS 52 o 
< | De Rose AI 
ae (%) UI 1891 uolweAdasoid O 
93181 uonezi]11194 AY 19338 Antou uo sjuounIIedX4 s 
: ae JO Joold 
ueste Ul WJI9dsS ysy JO uoeAtosotIdoAId uo Yoeasai Jo snjejs zuasai], 
T S1IJEL 


Fish Sperm Cryopreservation in Taiwan 265 


aiming at facilitating the artificial 
propagation, cross-breeding, genetic 
improvement, predictable gene bank 
and chromosome manipulation are 
These 


researches stem not only from the 


now established in Taiwan. 


request of basic knowledge on life 
processes, but also from the pressing 
need to manipulate natural resources 
for the benefit of mankind. 

It has been 20 years since the 
first study on the sperm cryopre- 
Mugil 
then, 
some progresses have been made on 


servation of the mullet, 


cephalus, in Taiwan. Since 
the sperm cryopreservation in several 
local freshwater and marine fishes, 


such as the grey mullet (Chao et al., 


1975, 1982), tilapia (Chao et al., 
1987), black porgy (Chao et at, 
1986), milkfish (Chao and Liao, 
1987a, 1987b), grouper (Chao et 


al., 1992) and carp (Cognie et al., 
1989) (Table 1). “The performance of 
sperm quality before and after pre- 
treatment, freezing and thawing are 
highly affected by a series of factors 
such as the milt-collecting season, 
methods of obtaining raw milt, me- 
thods of dispensing the sperms into 
containers, the temperature mainten- 
nance before pre-treatment, methods 
of transporting the sperms to certain 
destinations, the extender formula, 
the cryoprotective agents, freezing 


facilities, the protocol, cryopreservat- 
ing conditions, the thawing method 
and the post thawing application. 
Successful fish sperm cryopreserva- 
tion has been demonstrated by the 
technology, inter-country cooperation 
and technology extension. 

The present paper aims to 1) 
review various aspects of the 
established technologies on the sperm 
cryopreservation of local fish species 
in Taiwan, 2) investigate the pro- 
gress of promoting related techno- 
logy, cooperation and extension, and 
3) assess their 
dissemination for field applications. 
The cryopreservation of fish sperm 
has passed its initial phase of eok 
lection and evaluation: ‘some: deve: 


the prospects of 


loped technologies are: reliable for 
certain fish. species. The present 
phase should be transfer and: appli- 
cation of the technologies to the in- 


dustry and related research fields. 


VARIABLES RALATED TO 
THE QUALITY OF 
CRYOPRESERVED SPERM 


Age of spawner and season for col- 


lection 


The age at which the experi- 
mental finfish species reach maturity 
varies from one species to the other, 
e.g. 10 months for tilapia, Tilapia 
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zilli; 1 to 1.5 years for black porgy, 


Acanthopagrus schlegeli, which is 


protandric; 2 to 3 years for grey 


mullet, Mugil cephalus; 5 to 8 years 
for milkfish, Chanos chanos; and at 
least 5 years for grouper, Epinephelus 
malabaricus, which is protogynic. 
The aging of spermatozoa in vivo 
has been identified as a cause reducing 
the storage life of gametes at 4°C. 
Usually an early propagating season 
is not favorable for obtaining mature 
female gametes. It is, however, on 


ideal season for collecting male 
gametes of good quality. As soon 
as the peak of propagation season 
is over, eggs are still suitable but 
sperms are no longer of high quality, 
thus are not ideal for cryopreserva- 
tion. Preservable durations of sperm 
decreased at the spawning season 
went by. Sperms collected in the 
early season can be stored at 4°C 


late season. 


longer than in the 


Similar results were found in 
European bass (Dicentrarchus labrax) 
(Billard, 1984). For the above men- 
tioned species, seasons for the sperm 
collection are recommended as fol- 
lows: February to July for the 
tilapia, December to February for 
the black porgy, December to Jan- 
uary for the grey mullet, May and 
September to October for the 


milkfish, April to July for the 


grouper. In the hermaphroditic pro- 
tandric black porgy cultured in pond, 
it is easy to collect large amounts 
of milt from the harvested fishes 
which are 1.5 to 2 years old. In ad- 
dition to stripping the male spawner 
to obtain sperms, slicing testis of 
newly killed or dead fishes (within 
10 hr) to 
sion or inserting the microcapillary 


obtain sperm suspen- 
tube into the genital pore are the 
two recently developed methods for 
the grouper which has scarce milt 


(Chao et al., 1992). 


Maintennance of milt guality 


«e Collecting the sperm without the | 
contamination from feces, blood, 
scales or external water. 


Holding the collected sperm at 
best | 
moisturized air for respiration; 
for example, 1/3 space of the 


condition by providing 


container is filled with milt and 
2/3 is filled with humidified air. 


Maintaining the collected milt 


at low metabolic rate by keep- 
ing the temperature to be as 
low as 4°C in the collection box 
in the field or during transporta- 
tion. It was found that the 
collected sperm of postmortem 
E. malabaricus retained its viabi- 
lity for cryopreservation after 


Fish Sperm Cryopreservation in Taiwan 267 


being stored at 4°C for several 


hours. 


Extender 


Ever since, livestock researchers 
have suggested that the use of egg 
yolk as a component of diluents for 
spermatozoa since it has favored the 
preservation of bull spermatozoa at 
0"C or above. However, the egg 
yolk in protecting the experimental 
spermatozoa from fishes such as the 
grey mullet during freezing and 
thawing has not been appreciated 
although it is assumed to play a 


role in protecting the cell membrane 


with its lipoprotein fraction of the 


lower density characteristics. 

In most of the early phases of 
the concerned studies, rather com- 
plicated formulae such as Ott and 
Horton extender #164 (sodium citr- 
lactose of various 


adopted to 


ate, glucose, 


«concentrations) were 
prepare diluents (Chao et al., 1975). 
The effects of various concentrations 
of several important components on 
the sperm motility of the milt at the 


pre-freezing stage were investigated. 


However, the effort was not suc- 
cessful. Preparation was com- 
plicated; took much time and was 


not absolutely beneficial. It was 
found that the simplest formulations, 


such as 5% glucose, have generally 


(1989). 


been the most successful ones. Later 
on, the diluent of simple and single 
component, such as diluted 0.52; honey 
or glucose in Ringer solution was 
found well functional in both labora- 
tory and field for the milkfish and the 
black porgy (Chao and Liao, 1987a). 
Milk diluted with Ringer solution 
and methanol was an ideal freezing 
medium for cryopreserving sperms 
of several tilapia species, including 
Oreochromis aureus, O. mossambicus, 
Tilapia zilli, O. niloticus X O. aureus 
hybrid and red tilapia (Oreochromis 
spp. hybrid). Without milk, the 
frozen-thawed sperm did not function 
because of the usually high stickness 
of the milt mixture in which sper- 
matozoa were immobile. The com- 


position of several diluents of 
extenders are shown in Table 2. 
Most recently, it has been found 
that adding a cell culture medium, 
Menezo B2 Medium INRA (15%) to 
the glucose and Ringer solution was 
a very effective method of improving 
and post-freeizing sperm 
(Chao et al., 


similar observation was 


the pre- 
motility of groupers 
1992). A 
recorded in 
carpio,. by Cognie et al. 

More cell culture media are 
suggested to be tested for this 
purpose and on more finfish species. 
As far as the dilution ratio is 


common Carp, 


also 
Cyprinus 
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concerned, 1 part milt: 1 part ex- 
tender for sperms of the grey mullet, 
the black porgy and the tilapia; 1:4 
for the milkfish; and 1:20 for the 
grouper were found acceptable. 


Cryoprotective agents 


Results from experiments in- 
dicated that the 


composition of extender are not 


tonicity and 
as important as the protectiveness 
of cryoprotectants. Cryoprotective 
agents (CPAs) provide cryoprotection 
to a labile enzyme, ʻi. e., catalase, and 
stabilize protein in unfrozen, aqueous 
solution. A wide variety of chemicals 
or compounds share this property, 
but only ethylene glycerol, methanol 
and dimethylsulfoxide (DMSO) were 
used in our studies. 

CPAs induce protein de- 
naturation at higher 
thus are toxic to cellular systems. 
Cryoprotectants at high concentra- 
tions can prevent the ice formation 


can 
temperature, 


and hence the concomitant freezing- 
thawing damage of cells. However, 
cryoprotectants at the same levels 


The 


toxicity of cryoprotective agents is 


can be lethal to unfrozen cells. 


a factor affecting the success of 
cryopreservation of sensitive cells 
For 


species, the 


each ex- 


such as sperm. 


perimental effects of 


cryoprotective agents at various 


concentrations on pre-freezing mo- 
tility of sperm have been studied. 

In the absence of cryoprotective 
very few spermatozoa can 
The addition of 
to the milt 


tolerance of 


agents, 
survive freezing. 
cryoprotective agents 
greatly extend the 
spermatozoa to freezing when freez- 
It has been 


reported that the optimal cooling 


ing rates are slow. 
rate depends on the nature and 
concentrations of the cryoprotectants 
In the grey mullet and the 
black porgy, 5 to 15% glycerol 
functions well, while in tilapias 15% 
milk and 5% methanol as diluent- 
CPA mixture ensured satisfactory 
sperm motility and fertility. On the 
other hand, in the milkfish and .the 
grouper, a high proportion of sperms 
in 10% DMSO retained their motility ` 
(Table 3). | 

In general, a majority of re- 


used. 


searchers working on the sperm- 
freezing of teleosts agreed in using 
either glycerol or DMSO with con- 
between 3.3 and 15% 
(v/v) as the cryoprotective agent 
(Guest 1976; Erdahl 
Graham, 1980; Cognie et al., 1989). In 
our studies, methanol was used only 
in tilapia (Chao et al., 1987), as was 
in the zebra fish by Harvey el al. 
(1982). Both DMSO and glycerol at 


to 20% (v/v) 


centrations 


et al., and 


concentrations up 
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would stimulate RNA synthesis 
(Ashwood-Smith, 1980). The stimula- 
tion was due to an increase in an 
initiation with the DNA template 
rather than the RNA polymerase. 
Combination of small guantities 
of either DMSO or glycerol (intracel- 
lular agent, at a level without 
osmotic effects) with dextrose (ex: 


tracellular agent) have remarkable 


effects on the cryopreservation of 
mammalian cells. Similar exper- 
iments should be done on cryo- 


preserving fish sperm cells although 
a preliminary test in the black porgy 
failed to | ] 
effects. 


show any significant 


Equilibrium time 
Seme experiments have been car- 
ried out on varying the equilibrium 


time. However, in our study, sperm 


did not require a long period to - 


DMSO or 


Spermatozoa acquired an 


reach equilibrium in 
glycerol. 
increased resistance to freezing and 
thawing if the milt was stored at 


temperature above 0°C for a period 


of time. Such treatment probably 
make the cell membrane hard, 
therefore, the spermatozoa enable 


to tolerate the thermal shock. 

Both the motility of spermatozoa 
and the integrity of its shape were 
retained if the spermatozoa of the 


- cryopreservation. 


experimental fishes were incubated 
with DMSO or glycerol for some. 
period of time, which is less than 
one hour in the grey mullet, or 
10min in the black porgy, tilapias 
and the grouper. Comparisons of 


various equilibrium time in the 
grouper sperms were not done. How- 
ever, it was found that sperms were 
so hard that the equilibrium was 
delayed to bring the milt mixture 
to the freezing temperature up to 
30 min. After freezing the thawing 
sperm cells still gave an acceptable 


fertility rate. 


Freezing rate 


The cooling rate is critical in 
When a cell is 
cooled too rapidly, intracellular ice 
will form. To prevent the formation 
of intracellular ice, cells must be 
cooled slowly. For sperms of certain 
species in the presence of certain 
CPAs, there was a critical subzero 
temparature zone. Within this zone, 
cells would be exposed to increased 
concentrations of solutes and there- 
fore should pass through this zone 
as quickly as possible. In contrast, 
it is within the same temperature 
range that the cells require a 
sufficient time to get rid of water 
so that ice will not form, in turn 


cells can stand cooling to the lower 
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temparture. 

It is a reconciliation of these two 
factors which determine the optimal 
The 
sper- 


cooling rate in different CPAs. 
which the 
matozoa could be plunged directly 
into liquid nitrogen: (LN) without 


temparature at 


causing a further reduction in 
motility should be carefully deter- 
mined. One of the consequences of 
the two-step freezing demonstrated 
that 
temperature was essential to avoid 


the thermal shock. 


slow cooling to a very low 


In contrast, very 


fast cooling rates could be tolerated ` 


only within certain temperature 
ranges. In the cases of the grey 
mullet, the black porgy and the 
grouper, two-step freezing, first to 
—100°C and then to —196°C, were 
applicable; while in the case of the 
carp, the cooling rate slightly differ- 
red and was 5°C/min from 2° to —7°C 
and 25°C /min from —7°C to —70°C; 
and in the case of tilapias, 20°C/min 
directly to —35°C and 5°C/min from 


—35°C to —75"C. 


Freezing facilities 


In freezing studies, various 
equipments were used, including an 
ordinary stainless cabinet equipped 
with an air sucker to squeeze air 
inward slowly or quickly for different 


freezing rates. Biological 


freezer 


BF5 sets in LN container provided 
different distances above LN surface, 
thus milt mixture samples in vial 
were frozen at different freezing 
rates. On the dry ice a series of 
tiny holes were formed by a heated 
iron bar. Large or small sized drops 
of milt mixture were applied to these 
holes, as a result freezing rates can 
not be determined. Programmable 
freezer was used because preset pro- 


grams help to determine the most 


favorable freezing protocol. Never- 
theless, the most acceptable and 
simplest device was a common 


Styrofoam box fitted with a polyethy- 
lene net which was 2cm above LN. 
Then the sample straws were placed 
on the net when the vapor in the 
closed box reached a constant tem- 
perature of —90°C to —100"C. This 
device worked well for the simple 
freezing of spermd of grey mullet, 
the black porgy and the grouper, 
The device 
students and farmers who usually 


is -also accessable to. 


do not have expensive facilities or 


equipments. 


Thawing rate 


In early experiments, frozen milts 
were thawed in water bath at room 
temperature as little 
evidence that the speed of thawing 


there was 


was critical to the survival of 
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spermatozoa. In the other case of 


tilapia, 30:1 of water at 25°C to 29°C 


were sufficient to thaw the frozen 
30sec. Wheeler 
Thorgaard (1991) compared the 
combined effects of various 
temperature with the thawing time 
designed as: 0°C, 15 min; 5°C, 90 sec; 
10°C, 30sec; 20°C, 20 sec; and 30°C, 
15sec. Only samples thawed at 0°C 
gave poor results. On the other 
hand, those thawed at 5°C to 30°C 
In the experi- 


straws in and 


water 


gave similar results. 


ment on the sample of E. ma- 
labaricus (Chao et al., 1992) microwave 
thawing was applied. Microwave 
efficiencies at 40%, 60%, 80% and 
100% for 60sec were compared and 
various durations, from 30 to 80sec, 
were tested. The results indicated 


that efficiency at 40% was reasonable 


for thawing of 0.5ml straws. How- 


ever, duration of 30 to 35sec was 


optimal for light colored straws with 


low hardness and 70sec for dark 
colored straws with high hardness. 


Motility determination 


The microscope is used to study 
the pre-freezing and the post-thawing 
sperm motilities. A conventional 
standard to categorize sperm motility 
were listed in Table 4. Spermatozoa 
motility was assessed under a 
microscope (xX 100) and non-motile, 
very weak, weak, moderate, strong 
and very strong motility were 
scored on a 0-5 scale (Guest et al., 
1976; Billard, 1984). The motility 
scores of the fresh sperms in all 
the marine fishes studied usually 


reached 5 while that of freshwater 


Table 4 
Categorization of fish sperm motility under microscope reading 
(after Guest et al., 1976) 


Value Observation 
Maximum 5/++++4+ All sperm moving vigorously; almost impossible to 
fix vision on any one spermatozoa 
Af+t-++t+ Some sperm moving slowly enough to see easily; 
most still whirling or swimming vigorously 
3/+++ Some sperm still; some sperm slowly swimming; 
some fast 
e 2/ ++ Very few fast swimmer; many still; some slow 
“lazy-looking” sperm. 
1/+ Only one or two sperm swimming in each field 
Minimum 0/— No sperm moving; Brownian movement the only 


| detectable motion 
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tilapias were only 2 or 3, so that 
percentages of motile spermatozoa 
were sometimes used as another 
criterion. 

Most recently, a motility analyzer 
(Hamilton Thorn) 


research was 


used for the 
medical adopted to 
analyse the sperm sample, which 
allows a big progress in motility 
determination. With the analyzer 
the following detailed criteria “were 


able to be compared: 1) path velo- 


city, 2) progressive velocity, 3) track - 


and 4) This 
instrument contains a fully automatic 
with 


speed, straightness. 


analytic sequence internal 


optical image assembly, a micro- 


processor system for image analysis, 


and an internal printer, a color 
monitor in track velocity, progressive 
velocity and linearity and prints the 
numerical results. 
various sizes between 1 to 120 microns 
using a cannula-made rectangular 
glass capillary. It has been used in 
mucus penetration of swim-up tests 
for the post-thaw milt. Fig. 1 shows 


the motility analysis and the com- 


parisons of the fresh, l-month and 


3-month cryopreserved £. malabaricus 
sperms using the motility analyzer. 
More 


familiar with other possible methods 


studies are needed to get 


to determine the sperm motility. 


It tracks cells of © 


Fertility evaluation 


Fertility tests seemed to be less 
investigated. In marine fishes a good 
timing to obtain ripen eggs and 
optimal aeration during incubation 
were the most critical. The volume 
ratio of sperm to egg was hard to 
determine because the quality of 
post-thaw sperm varied from 1:1 to 
1:6 seemed to be better than 1:13 if the 
frozen milt was prepared at 5 milt: 
4 glucose (5%): 1 glycerol before 
In the tilapia, both 0.3:1 


and 0.4:1 were adequate ratios to 


freezing. 


obtain a fertility over 90% when the 
frozen milt was prepard at a ratio 
of 50 milt: 15 milk: 10 methanol: 25 
saline. In E. malabaricus, it was found 
that ratios ranging from 0.01 to 
0.083:1 gave a satisfactory fertility 
over 80% when compared with the 
92%. 
tilapias, which are mouth breeders, 


in the control. However, in 
special facilities are needed in order 
to obtain the high fertility of post- 
thaw sperm. Three types of in- 
cubators were investigated and all 
1) a 


shaking table with a speed of 26 


were effective and efficient: 


shakes/min, 2) a zugerglass apparat- 
us with upwelling water adapted 
from Mires (1974), and 3) round 
tanks with water circulation pro- 


duced by an electric fan. Tables 5 
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| Table 5 A 
Results of thawing cryopreserved common carp sperm 
in 0.5 ml straws at 40% efficiency using 
microwave for various duration 


Straw color 


Duration(s) | White “Green Orange 5 Blue Purple Red 
30 102; + 24+ 104 -+ — — — 
20 104; -+ 804 ++ 802 ++ 80%++ 70%++ 80% ++ 
10 10% + 80% ++ 80% ++ 10% ++ = 80% + + 
++, good condition; +, moderate condition; —, bad condition. 
` Table 6 


Results of fertility tests using cryopreserved and fresh grey 
mullet sperm to fertilize fresh eggs from 
the same female in each test 


Test No. Sperm preserved Cryoprotective F.R. H.R. 


Year duration (days) agents (2) (4) Remarks 
I 39 5% glucose+5% 15.6 61.3 in 3 liters 
1972 | glycerol | 
39 5% glucose+5% 2.9 55.0 in 3 liters 
DMSO 
0 11.4 50.3 in 3 liters, control 
I uo 5% glucose+10% 28.6 62.2 in 3 liters 
1981 DMSO 
11 5% glucose+10% 7.6 42.7 in 3 liters 
DMSO 
0 45.2 100.0 in 3 liters, control 
MI 351 5% glucose+10% 38.2 92.0 in 3 liters 
1983 DMSO 
0 35.8 93.5 in 3 liters, control 


to 8 summarize the results of fertility logical research, I prefer to say 


tests with post-thaw sperms in the “We”. Whatever accomplishments, 
grey mullt, tilapias, the black porgy I may have owed immeasurable 
and the grouper. gratitude to many project assistants, 


collegues and university professors 


Cooperation experience and outlook WA e da ke 


When I talk about the cryobio- laboratory. Thanks are also extend 
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Table 7 
Results of fertility tests using cryopreserved and fresh tilapia sperm 
to fertilize fresh eggs from the same female in each test 


` Sperm | 
i ~~ Preserved F.R. H.R. 
duration 
Test no., Date Species (days) Egg ` (25) (%) Remark 
I O. niloticus X O. aureus 22 O. honorum 72.7 100 
16 July 1983 O. honorum 0 O. honorum 85.7 100 control 
II O. sp. 32 O. sp. 75.5 — 
12 September O. sp. 0 O. sp. 80.2. — control 
1984 | ee. ii DIW n 
III O. sp. 304 O. sp. 79.3 100 
8 July 1985 O. sp. 304 O. sp. 87.1 100 
O. sp. 304 O. sp. 93.4 100 
O. sp. 304 O. sp. 90.1 100 
O. sp. . 304 O. sp. 81.5 100 
O. sp. 0 O. sp. 90.0 100 control 
IV O. niloticus 592 O. niloticus 90.2 97 
17 July 1985 O. niloticus 0 O. niloticus 94.6 9 contro! 
V - 0. sp. 455 O. sp. 30.0 100 
25 July 1985 O. aureus 8 O. sp. 90.5 100 
O. niloticus 8 O. sp. 88.2. 100 
0. niloticusx O. aureus 335 O. sp. 75.8 92 
O. sp. 0 O. sp. 50.0 90 control 
Table 8 


Results of fertility tests using cryopreserved and fresh 
grouper sperm to fertilize fresh eggs from 
the same female in each test 


Test no. Sperm , Milt source 
Date Jee Volume Eggs F.R. and 
Time (days) (mil) (g) (25) remarks 
I 1 1.0 3 83.33 male 1 
26 August 1990 1 0.5 3 67.39 male 1 
1700 h 1 1.0 3 93.02 male 1 
1 0.5 3 8.60 male 1 
17 1.0 3 79.62 male 2 
* 17 0.5 3 85.00 male 2 
128 1.0 3 14.55 male 3 
128 0.5 3 12.12 male 3 
0 1.0 3 65.58 control! 
0 0.5 300 


80.95 ` control! 
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Table 8 Continued 
ES E LO e e vie AA A ANN 


Test no. O _ Sperm on Milt source 
Date dizan Volume BARS FR and 

Time (days) (ml) (g) (%) remarks 
II 1 1.0 3 80.00 male 1 
26 August 1990 1 0.5 3 70.00 male 1 
1830 h 1 1.0 3 60.71 male 1 
q 0.5 3 96.72 male 1 
0 0.1 3 91.76 control 
III ; 17 2.5 15 83.61 male 2? 
26 August 1990 1 1.5 9 91.43 male 1? 
1830 h 0 0.1 3 91.76 control 
IV 1 0.5 30 8.26 male 1: 
26 August 1900 1 0.5 60 0.00 male 1° 
1830 h 1 0.5 120 1.57 male 1: 
1 0.5 180 0.00 male 1? 
1 0.5 240 3.07 male 1? 
0 0.1 30 10.42 . control 
V 41 4.0 450 95.00 male 4! 
30 May 1991 278 3.0 200 95.00 male 5! 
VI - 54 0.01 3 21.99 male 4 
12 June 1991 54 0.02 3 48.75 male 4 
1700 h 54 0.03 3 47.70 male 4 
54 0,04 3: : 69.30 male 4 
54 0.05 3 78.60 male 4 
54 0.10 3 82.03 male 4 
54 0.15 3 86.24 male 4 
54 0.20 3 83.95 male 4 
54 0.25 3 82.95 male 4 
VII 291 0.01 3 49.54 male 5 
12 June 1991 291 0.02 3 68.80 male 5 
291 0.03 3 67.48 male 5 
291 0.04 3 62.14 male 5 
291 0.05 3 69.22 male 5 
291 0.10 3 64.60 male 5 
291 0.15 3 72.54 male 5 
291 0.20 3 61.50 male 5 
291 0.25 3 78.68 male 5 
291 0.04 3 91.92 male 5 


1. Mass fertilization done by aguafarmer in large-scale tank. 
Medium scale using frozen-thawed sperm. 


Sa 


3. Trail to increase egg volume for fertilization using frozen-thawed sperm 
resulting in poor fertility due to poor quality of eggs. 
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Table 9 
International cooperative studies involving R.O.C. 
on cryopreservation of teleost sperm 


Major research items 


Country Scientist Year Fish species (key words) 
U.S.A. J.K. Sherman 1974 Mugil cephalus Dilution, Cryoprotective 
agent 
R.O.C. N. H. Chao et al. Prefreeze motility and 
fertility 
South Africa G.J. Steyn 1985 Clarias gariepinus Extender, Cryoprotective 
. agent 
J.H.J. van Vuren Freezing rate, Thawing 
temperature 


H. J. Schoonbee 


R.O.C. N. H. Chao et al. 
Japan K. Suzuki 1989 
H. Kurokura 
R.O.C. N. H. Chao et al. 
France P.F. Cognie 1989 — 
R. Billard 
R.O.C. 


N.H. Chao et al. 


to the collaboration of our friends 
from the private sector who provided 
good sources of raw milt of several 
experimental fishes and the oppor- 
tunity to carry out fertility tests 
for cryopreserved fish sperms. 
Taiwan Fisheries Research In- 
stitute (TFRI) has been cooperating 
with several foreign research institu- 
tions and universities on the cryo- 
preservation of teleost sperms. Table 
9 summarizes these international 
cooperative studies with scientists 
from USA, South Africa, Japan and 


France. In addition, TFRI cryobio- 


Cyprinus carpio 


Sperm suspension, Sliced 
testes 


Epinephelus 
malabaricus 


Extender, Freezing rate 


logists also cooperate with local 
university professors in establishing 
different freezing protocols for cryo-' 
preserving sperms of the tilapias 
and the black porgy. Most recently, 
under a funding from the National 
Science Council of the Republic of 
China, a cooperative study on the 
of eggs 
embryos of aquatic organisms with 
emphases on the development of an 


cryopreservation and 


engineering model is under going to 
the 


investigate intracellular ice 
formation. | | 
Further cooperative studies 
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among nations, institutions, univer- 
sities, and scientists are expected 
to be more active on cryopreserva- 
tion related basic problems, such 


as. 


e Theoretical modelling of the kine- 
tics of internal ice-formation. 

+ Species specific dehydration and 
hydration during freezing and 
thawing. | 

- Ultrastructural changes in sperm 


during freezing and thawing. 


e Phase transitions in membrane 
lipids associated with the cold 
shock. 


«e Biochemical composition in the 
sperm of different finfish, mollus- 
can and crustacean species. 

- Permeability to water and cryo- 
protectants. 

- Electromagnetic of microwave 
heating of aqueous cryoprotectant 
solution from cryogenic tempera- 
tures. 

- Cryomicroscope analysis and dif- 
ferential scanning calorimeter for 
freeze-damage determinations. 

- Biotechnology of sperm/embryo 

bank and the possible hazards. 

+ Potential and constrains of cryo- 

biology for maintaining the genetic 

diversity in both captive and wild 


aquatic species. 


EXTENSION EFFORTS 


The cryopreservation of teleost . 
sperms provides practical functions 
also new research 


and opens 


frontiers. Cryopreserved sperms 
could be very useful in hatcheries 
with application to broodstock man- 
agement, selective breeding and gene 
conservation. Extension has been 
conducted through organizing semin- 
ars and workshops, holding training 
publishing handouts and 

TV The 


followings should be put under con- 


courses, 


preparing programs. 


siderations for further extension. 


On the technical aspects 


The appication of the cryo- 
preserved sperm has been fully 
explored. Taking the example of 


the cryopreservation of sperms of 
salmonid fishes which was studied 
in 1960’s and has therefore attracted 
increasing interests (Stoss, 1983; 
Baynes and Scott, 1987; Wheeler and 
1991). Although there 
are reports of successful 


Thorgaard, 
cryo- 
preservation in laboratory situation, 
there have been few examples of 
applicaions at the hatchery level 
(Anderson and MacNeil, 1984; Cloud 
et al., 1990). 
black porgy and the grouper, private 


In our studies on the 


hatcheries begin to accept the 
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technology transfer of sperm cryo- 
preservation although in a limited 
But 
species, there is still a need to find 


scale. in the cases of other 

out the balance between the signific- 

ance and economics of the transfer 
of their respective technologies. 

+ Handling of broodstock to facilit- 
ate the collection of raw milt and 
ripen eggs with best quality and 
sufficient quantity. | 

- Trial to use large FE straws of 

The use 

of larger straws will decrease the 


bags for holding milt. 


time to freeze large quantities and 
reduce the task of thawing when 
fertilizing large hatches of eggs. 

- Simplifying the freezing protocols 
and making it usable in the field 
without too expensive installation. 

- Demostrating how to achieve a rea- 
sonable fertility under commercial 


hatchery conditions. 


On strategy aspects 


In the last decade, extension works 
have been done by organizing semin- 
ars, sponsoring workshops, offering 
training courses, giving out protocols, 


demonstrating in public communica- 


tion programs and helping in setting- 
up facilities. It is generally believed 
that 
researches, the cryopreservation of 


with extensive and deeper 


teleost sperms may maximize the 


possible benefit. To achieve this 

Significant aim, attension should be 

paid to the following strategies: 

e Incentive: The need for readily 
available sperm of good quality 
should be recognized and empha- 
sized. . 

e Application priority: Established 
technology should be applied in the 
field to a greater or lesser extent . 
according to the species priority. 

« Research and extension personnel: 

should be in- 


volved to carry out a series of 


More manpowers 


intensified basic researches and 


extension works for a sound 
practical application. e 
- Advisory committee: An advisory 
committee should be established to 
solicit inputs from various scholars, 
experts and well trained users. 
- Sufficient funding: In the past two 
decades, the research groups on 
cryobiology received sufficient fin- 
ancial supports from TFRI, the 
Council of Agriculture and the 
National Science Council of the Re- 
public of China. Research fundings 
should be 


explore the significant programs, 


continued to further 


elevate the technological standard 
and solve extension constraints. 
e Exchange center: An exchange 


center of aquatic sperm bank 


should be established for domestic 
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exchange among scientists and 


farmers and international ex- 
changes among countries, like the 
system implemented in the lives- 


tock field. 


PROSPECTS 


There are three stages for de- 
veloping cryogenic preservation of 
fish 
collective, basic and active stages. 


sperms in Taiwan, namely 
A series of works have been done 
in the 


cooperation and extension; 


technology establishment, 
however, 
none at their fully active stage. 
This paper attempts to review the 
achievements of researches on the 
cryopreservation of fish sperms in 
It is hoped that this pre- 


sentation will come up with some 


Taiwan. 


useful recommendations and disting- 
uished that 
development will lead to directions 


advices so further 


shown below, which will in turn 

contribute to the aquaculture of 

Taiwan in the 21st century. 

- Cryopreservation of fish sperm can 
be successfully used as a fishery 
management tool. Cryopreserva- 


tion provides some means of 


control relative to mating and 


reproduction, including artificial 
individuals of 


the 


propagations with 


same species from distant 
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locations or of different , mature 
seasons or developing a profitable 
new hybrid. 

Sperms from males in the wild 
the 
optimal mature season of hatchery 


can be cryopreserved for 
stocks so that genes from the fish 
in the field can be transferred into 
the hatchery population. 
Cryopreservation of fish sperms 
the 


specific fish stocks and to ensure 


can be used to guarantee 


against the loss of specific genes 
caused by natural, overfishing or 
pullution-causing diasters. 
Cryopreservation of fish sperms 
can be used in the hatchery man- 
agement to solve the problem of 
having a disproportion between 
the males and the females. 
Cryopreservation of virus- or bac- 
teria-free sperms can save valuable 
eggs. 

Induction of gynogenesis becomes 
highly feasible if the irradiated 
sperms is cryopreserved in ad- 
vance. 

Functions of sperms and gene bank 


can be further facilitated. 
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